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TAU: A Quick Reference
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TAU Performance System

Tuning and Analysis Utilities

e http://tau.uoregon.edu/

* Multi-level performance instrumentation
— Multi-language automatic source instrumentation

* Flexible and configurable performance measurement

* Widely-ported parallel performance profiling system
— Computer system architectures and operating systems
— Different programming languages and compilers

e Support for multiple parallel programming paradigms
— Multi-threading, message passing, mixed-mode, hybrid

* Integration in complex software, systems, applications
e Partners: ANL, ORNL, LBL, LLNL, LANL, FZJ, UTK, TUD, PSC, UIUC
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What is TAU?

TAU is a performance evaluation tool

It supports both parallel profiling and tracing

Profiling shows you how much (total) time was spent in each routine (event)
Tracing shows you when events take place in each process along a timeline
Profiling and tracing can measure time as well as hardware performance counters
TAU uses a package called PDT for automatic instrumentation of the source code
With PDT, TAU can instrument routine, loop, phase, I/O, and memory

TAU can also use your compiler to insert the instrumentation at routine boundaries

TAU can throttle the insignificant lightweight routines at runtime to reduce
perturbation. It can also subtract the timer overhead at runtime to compensate.

TAU runs on all HPC platforms and it is free (BSD style license)

TAU has instrumentation, measurement and analysis tools
— ParaProf is TAU’s 3D profile browser, PerfDMF is the TAU database tool

To use TAU, all you need to do is set a couple of environment variables and
substitute the name of your compiler with a TAU shell script (e.g., tau_f90.sh)
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Program Database Toolkit (PDT)
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Automatic Source-Level Instrumentation in TAU
using Program Database Toolkit (PDT)
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ParaProf — Flat Profile (NAS BT)

ParaProf:

{Users/malony/Papers/ParCo2005/Figures /bin/flat

File Options Windows Help

Metric Name: Time

Value Type: exclusive
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ParaProf — Phase Profile (NAS BT)

Main phase shows nested phases and immediate events

/
X ParaProf: MPBT/phase/amorris/home/__ - _ |E@E
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ParaProf — 3D Full Profile (Miranda, LLNL)

X ParaProf Visualizer

Windows Help
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ParaProf — 3D Full Profile

" ParaProf Visualizer: profile.ppk
File Options Windows Help
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ParaProf — 3D Scatterplot
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ParaProf’s Source Browser:

000 X| TAU: ParaProf: Function Data Window: s3d_callpath_papi.ppk

Loop Level Instrumentation

) O O [X| TAU: ParaProf: Source Browser: /mnt/epsilon/Users/sameer/rs/taudata/s3d/harness/flat/papi8

File Options Windows Help

Name: Loop: TRANSPORT_M::COMPUTESPECIESDIFFFLUX [{mixavg_transport_m.pp.f90} {630,5}-{656,19}]
Metric Name: PAPI_FP_INS / GET_TIME_OF_DAY

Value: Exclusive

Units: Derived metric shown in microseconds format
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Name: Loop: TRANSPORT_M::COMPUTESPECIESDIFFFLUX [{mixavg_transport_m.pp.f90} {630,5}-{656,19}]
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Name: Loop: TRANSPORT_M::COMPUTESPECIESDIFFFLUX [{mixavg_transport_m.pp.f90} {630,5}-{656,19}]
Metric Name: PAPI_L1_DCM
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Units: counts
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606 grad_mixMW{:,:,:,m) = grad_mixMW(:,:,: ,m)*avmolwt(:,:,:) =
607 end do

608

609 ! compute grad_P

610 if (baro_switch) then

611 allocate{grad_P(nx,ny,nz,3))

612 grad_P = 0.0

613 if (vary_in_x == 1) then

614 call derivative_x{ nx,ny,nz, Press, grad_P(:,:,:,1), scale_1x, 1)

615 endif

616 if (vary_in_y == 1) then

617 call derivative_y( nx,ny,nz, Press, grad_P(:,:,:,2), scale_1ly, 1)

618 endif

619 if {vary_in_z == 1) then

620 call derivative_z{ nx,ny,nz, Press, grad_P{(:,:,:,3), scale_1z, 1)

621 endif

622 endif

623

624 I Changed by Ramanan - 01/24/05

625 ! Ds_mixavg is now ‘rho*D

626 !

627 Igrad_P/press and avmolwt*grad_T/Temp can be optimized by division before the Toop.
628 ! compute diffusive flux for species n in direction m.

629 diffFlux(:,:,:,n_spec,:) = 0.0

630 DIRECTION: do m=1,3

631 SPECIES: do n=1,n_spec-1

632

633 if (baro_switch) then

634 I driving force includes gradient in mole fraction and baro-diffusion:
635 diffFlux{:,:,:,n,m) = - Ds_mixavg{:,:,:,n) * { grad_Ys(:,:,:,n,m) &
6326 + ¥s(:,:,:,n) * ( grad_mixHW(:,:,:,m) &

637 + {1 - molwt{n)*avmolwt) * grad_P(:,:,:,m)/Press))
638 else

639 I driving force is just the gradient in mole fraction:

640 diffFlux(:,:,:,n,m) = - Ds_mixavg(:,:,:,n) * ( grad_¥Ys{:,:,:,n,m) &
641 + ¥s(:,:,1,n) * grad_mixHW{:,:,:,m) )

642 endif

643

644 I Add thermal diffusion: - |
645 if (thermDiff_switch) then

646 diffFlux{:,:,:,n,m) = diffFlux(:,:,:,n,m) & =
647 - Ds_mixavg(:,:,:,n) * Rs_therm_diff(:,:,:,n) * molwt(n) &

648 * avmolwt * grad_T(:,:,:,m) / Temp !
649 endif

650

651 I compute contribution to nth species diffusive flux

652 I this will ensure that the sum of the diffusive fluxes is zero.

653 diffFlux{:,:,:,n_spec,m) = diffFlux{:,:,:,n_spec,m)} - diffFlux{:,:,:,n,m)
654

655 enddo SPECIES

656 enddo DIRECTION

657

658 if (baro_switch) then

659 deallocate(grad_P)

660 endif

661

662 return

663 end subroutine computeSpeciesDiffFlux

664

665 (118

666

667

668 | subroutine computeStressTensor{ grad_u)
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Comparing Effects of MultiCore Processors

Metric: PAPI_RES_STL C Chiter.350x350.4096pes.sn.loops. BARRIER .ppk - Mean
Value: Exclusive o Chiter.350x350.2048pes.dc.loops . BARRIER .ppk - Mean

Units: counts
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1.4401E9 (102.929%)

1.256E9
1.2134E9 (96.609%)

Para’

1.1869E9
21765E9 (183.372%)

1.1506E9
1.4018E9 (121.831%)

14 42QEQ

Loop: QL_MYRA_MOD:QL_MYRA_WRITE [fspinfhomelrba

AORSAZD_STIXZ2

MPI_Recv()

Loop: AORSAZD_STIXZ [{fspinfhomefrbarrettAORSA_PRO.

MPI_Barrier(

MPI_Type_commitd

MPI_Send(

MPI_Pack(

MPI_Allreduce)

Loop: AORSAZD_STIXZ [[fspinfhomelrbarrettAORSA_PRO.

MPI_Bcastd

Loop: AORSAZD_STIXZ [[fspinfhomelfrbarrettAORSA_PRO.

Loop: AORSAZD_STIXZ [{rspinfhomefrbarrettAORSA_PRO.



Comparing FLOPS: MultiCore Processors

Metric: PAPI_FP_OPS / GET_TIME_OF_DAY [ C:iter.350%350.2048pes.dc.loops.BARRIER.ppk - Mean
Value: Exclusive W Chiter.350%350.4086pes.sn.loops. BARRIER.ppk - Mean
Units: Derived metric shown in

microseconds format

3518.933 | |
3573.148 (101.541%)

1121.584 | -1
1132286 (100.954%) |

1063.058 | |
1064.333 (100.12%) [ —

801.834 | |
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786.544 | |
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U Floating pt ins/second
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PerfDMF: Performance Data Mgmt. Framework

Performance Analysis Programs

TAU Performance System

profile '
metadata

raw profiles Query and Analysis Toolkit Data Mining
rli}/‘\ (Weka)
Statistics j
* o 3 |
B E?prfg * 4 (R/ Omega)
* psrun | vy Y Y

-

, HPMroolkit ; (" Java PerfDMF API ) "oy
: (SQL (PostgreSQL, MySQL, DB2, Oracle ))

XML -
document ,
|
formatted - -
profile data 000
ParaTools
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PerfExplorer: Comparing Relative Speedup on Different
Architectures

221 Relative Speedup

File Help

Relative Speedup - GYRO:Time

32.5
30.0
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25.0
22.5
20.0
17.5
15.0
12.5
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2.5

0.0

Value

0 50 100 150 200 250 300 350 400 450 500
Number of Processors

= Bl-std.cheetah ¢ Bl-std.phoenix.dfs.dft * Bl-std.phoenix.dfs.fft
B1-std.phoenix.scratch.dft B1-std.phoenix.scratch.fft + Bl-std.seaborg
Bl-std.tg * ideal

ParaTools
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Usage Scenarios: Evaluate Scalability

Total LINUX_TIMERS Bar Chart for S3D Jaguar CNL:Scaling

LINUX_TIMERS
50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850

o

. e

| TR

- —

e e e e s e e s e el

4096 w

- e ——— e
|
- e

Number of Processors

6400

8000

W DERIVATIVE_X_COMM M DERIVATIVE_Y_COMM ® Loop: CHEMKIN_M::REACTION_RATE_VEC [{chemkin_m.pp.fo0} {457,3}-{471,8}]
Loop: DERIVATIVE_X_CALC [{derivative_x.pp.fo0} {432,10}-{441,15}] ™ Loop: DERIVATIVE_Y_CALC [{derivative_y.pp.fo0} {431,10}-{440,15}]
I Loop: DERIVATIVE_Z_CALC [{derivative_z.pp.f90} {435,10}-{444,15}] " Loop: INTEGRATE [{integrate_erk.pp.f90} {73,3}-{93,13}] ™ Loop: RHSF [{rhsf.pp.f90} {209,3}-{211,7}]
W Loop: RHSF [{rhsf.pp.f90} {515,3}-{535,16}] M Loop: RHSF [{rhsf.pp.fo0} {537,3}-{543,16}] M Loop: RHSF [{rhsf.pp.f90} {545,3}-{551,16}]
M Loop: THERMCHEM_M::CALC_INV_AVG_MOL_WT [{thermchem_m.pp.f90} {127,5}-{129,9}] M Loop: THERMCHEM_M::CALC_TEMP [{thermchem_m.pp.f90} {175,5}-{216,9}]
W Loop: TRANSPORT_M::COMPUTECOEFFICIENTS [{mixavg_transport_m.pp.fo0} {492,5}-{520,9}]
W Loop: TRANSPORT_M::COMPUTEHEATFLUX [{mixavg_transport_m.pp.fo0} {782,5}-{790,19}]
B Loop: TRANSPORT_M::COMPUTESPECIESDIFFFLUX [{mixavg_transport_m.pp.f90} {630,5}-{656,19}] M Loop: VARIABLES_M::GET_MASS_FRAC [{variables_m.pp.fo0} {96,3}-{99,7}]
W MPI_Barrier()  MPI_Isend() ™ MPI_Wait() = RHSF ® other

Para¥ools
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Performance Regression Testing

FACETS Bassi Regression: 32 Procs (events above 2%)

80 1 4
70 1 f I

Exclusive Time (seconds)
rJ w S v
o o o o

=
o

o

Date

-& int main(int, char **) -@-std::vector<double, std::allocator<double> > FcCoreCellUpdate...
-+ void FcTmCoreFluxCalc::computeFluxes() - MFPI_Recv)
-=-couble FcDataAssimilator::getValue(const std::string &, cons... MPI_Init()
~= FCHAfSTmpl<DATATYFPE>:writeDataSet
void FcDataAssimilatorUfiles::parselUfiles(const std::vector<...
void FcUpdaterComponent::dumpToFile(const std::string &) con... -« other

Para¥ools
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Profiling

* Recording of aggregated information
— Counts, time, ...

e ... about program and system entities
— Functions, loops, basic blocks, ...
— Processes, threads

e Methods

— Event-based sampling (indirect, statistical)
— Open|SpeedShop, PerfSuite, HPCToolkit, gprof,...

— Direct measurement (deterministic)
— TAU, VampirTrace, Scalasca,...

Paratools
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Direct Observation: Events

* Event types

— Interval events (begin/end events)
— measures performance between begin and end
— metrics monotonically increase

— Atomic events
— used to capture performance data state

e Code events
— Routines, classes, templates
— Statement-level blocks, loops

User-defined events
— Specified by the user

* Abstract mapping events

Paratools
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Inclusive and Exclusive Profiles

* Performance with respect to code regions

* Exclusive measurements for region only

* Inclusive measurements includes child regions

Para¥ools

int foo()
{

\
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Terminology — Example

For routine “int main( )" int main( )
Exclusive time { /* takes 100 secs */
— 100-20-50-20=10 secs

Inclusive time
— 100 secs

Calls
- 1 call /* other work */
Subrs (no. of child routines called) |}
- 3

Inclusive time/call
— 100secs

£f1(); /* takes 20 secs */
£f2(); /* takes 50 secs */
£f1(); /* takes 20 secs */

/%
Time can be replaced by counts
from PAPI e.g., PAPI FP INS. */

4

Paratools
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Flat and Callpath Profiles

e Static call graph
— Shows all parent-child calling relationships in a program

* Dynamic call graph
— Reflects actual execution time calling relationships

* Flat profile
— Performance metrics for when event is active
— Exclusive and inclusive

e Callpath profile
— Performance metrics for calling path (event chain)
— Differentiate performance with respect to program execution state
— Exclusive and inclusive

Paratools
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Performance Evaluation Alternatives

Depthlimit Parameter Callpath/
profile profile callgraph profile

D e S L s p—

Flat profile Phase Trace
profile

Each alternative has:

- one metric/counter Volume of performance data
- multiple counters

Paratools

24



Tracing Measurement

Process A:

void master {
trace(ENTER, 1);

trace(SEND, B);
send(B, tag, buf);

trace(EXIT, 1);
}

Process B:

void worker {
trace(ENTER, 2);
;';cv(A, tag, buf);
?_r_ace(RECV, A);

}trace(EXIT, 2);

ParaTools

AN

l

MONITOR

1 | master

2 | worker

3
58| A | ENTER | 1
60| B | ENTER | 2
62| A|SEND | B
64| A | EXIT 1
68| B| RECV | A
69| B | EXIT 2

25




Tracing Analysis and Visualization

1 | master

2 | worker

3
58| A | ENTER | 1
60| B |ENTER | 2
62| A |SEND | B
64| A | EXIT 1
68| B | RECV | A
691 B | EXIT 2

Paratools

main
B master
B worker

58 60 62 64 66 68 70
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Building Bridges to Other Tools

J/ l Dynaprof TAU W
profile
: EPIE%G tau2profile X\ @ﬂ
race Library |-
Y 3 Wallclock
~slog2 +PAPI Probe
tauZslog / .................................. AN auzcube 7
elg2vtf/ CUBE
tau_convert tau2vtf/ vpt?nerge /
- tau_convert (ISBCIV(I: ____A_gprof paraprof
............................................... vif2profile
VTF\(\>\ oC| MPIP ~
e —_. SGl xprofiler
J '\ HPC Toolkit
, ot et/
VNG oti2vtd _ HPC View
tauzoff ; HPCRun/hpcprof | ( HPM Toolkit
\/_\
+\/'\ LibHPM peekperf
~") ; stftool /
Vampir f . PerfSuite —vo____ ¥ PSRUN
X ITC
ITA6.0 /@7 VampirTrace LEGEND
% Profil
pa MPE " |§i/|1'race End_User Trace Format Profile Format
(MPICH) Analysis Tool file(s) file(s)
~— Generator
Jumpshot-4 N OMPtrace
MPItrace :
e Analvsis/Converter Data from a Profile/Trace
OMPltrace Y T/ | i file generator
Paraver SCPUs o0 Profile >
JIS/JACIT N Database Profile file data output
infoPerfex Trace format recognition
NanosCompiler coming =oot > Tracefile data output L
Dimemas >




Trace Formats

» Different tools produce different formats

— Differ by event types supported
— Differ by ASCII and binary representations
— Vampir Trace Format (VTF)
— KOJAK (EPILOG)
— Jumpshot (SLOG-2)
— Paraver

* Open Trace Format (OTF)

— Supports interoperation between tracing tools

Paratools
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Profiling / Tracing Comparison

* Profiling
© Finite, bounded performance data size
© Applicable to both direct and indirect methods
© Loses time dimension (not entirely)
® Lacks ability to fully describe process interaction

* Tracing

Temporal and spatial dimension to performance data
Capture parallel dynamics and process interaction
Some inconsistencies with indirect methods
Unbounded performance data size (large)

Complex event buffering and clock synchronization

OO0

Paratools
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Jumpshot

Timeline : cam.slog2 <Thread View>

2an 088 <se

(alviia|m[e]es<]?]

[Lowest / Max. Depth' Zoom Level Global Min Time  View Init Time Zoom Focus Time View Final Time  Clobal Max Time  Time Per Pixel VRow
7/10 0 0.00 0.00 135.2944235 270.588847 270.588847 0.382187637 T ]
Row Count
CumulativeE“.? TimeLines - 5.0
™ S
e
SLOG-2
—4
> 0
1> 1 -3
> 2
-2
>33 , ii
A
=t
v
@ NodelD i | | i i i i | l i i HLAlLEow
@ ThreadIl @
).00 25.00 50.00 75.00 100.00 125.00 150.00 175.00 200.00 225.00 250.00 |
(' e Time (seconds) <
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Vampir — Trace Zoomed (S3D)

H Intel(R) Trace Analyzer 4.0 - Timeline

15,63 5
: mPI
Process 0 108 83 THERHCHEH_Hz :CALC._TEHP BCOHPUTESCALARGRADIENT
DERTVATIVE X
BDERIVATIVE Y
EDERIVATIVE Z
CGET_VELOCITY_VEC
BRHSF_NE
'TTEEMEHEQ e
HCHEH H: ¢
||||||||||l!!!==iii¥l|ulllllllil!lll“ﬂ“'ﬁl“llll.x BATSTEP_

B I ™ VRRIFBLES H0ET_HSS FReC

Process 1~ THERMCHEM_M::CALC_TEMP

Process 2 lTHERMCHEN_H::CﬂLC_TEMP
Process 3 ITHERMCHEN_H::CRLC_TENP
Process 4 aTHERMCHEM_M::CﬂLC_TEMP

Process 5 83 THERMCHEM_M::CALC_TEHP

1L -HW' |
ORIy [
Process 6 THERMCHEM_M::CALC_TEMP

Procae—7 ﬂl’HERHCHEM.M::CﬂLC_TEMP

Process b WHERMCI-EM_N::CHLC_TENP 117

\Illl_l_lllll
(-

Proces=1d MHERMCHEM_H::CQLC_TEMP

39 4RI a7

-Pl-"/-" ' illl |/

A NMPT_| g8 7 330 1 P8

Process 10 MHERMC!-IEM_M::CHLC_TEMP
Process 11 MHERMCHEM_M::CQLC_TEMP
Process 12 THERMCHEM_M3 :CALC_TEHP

Process 13 MHERMCHEM_M::CGLE_TEMP

Process 14 THERMCHEM_M: :CALC_TEMP

Process 15 MHERMCHEM_M::CQLE_TEMP
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Steps of Performance Evaluation

e Collect basic routine-level timing profile to determine
where most time is being spent

e (Collect routine-level hardware counter data to determine
types of performance problems

* Collect callpath profiles to determine sequence of events
causing performance problems

* Conduct finer-grained profiling and/or tracing to pinpoint

performance bottlenecks
— Loop-level profiling with hardware counters
— Tracing of communication operations

Paratools
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Using TAU: A brief Introduction

* TAU supports several measurement options (profiling, tracing, profiling with
hardware counters, etc.)

* Each measurement configuration of TAU corresponds to a unique stub makefile
that is generated when you configure it

* To instrument source code using PDT

— Choose an appropriate TAU stub makefile in <arch>/lib:
% setenv TAU_MAKEFILE /soft/apps/tau/tau-2.18.2/bgp/lib/Makefile.tau-mpi-pdt
% setenv TAU_OPTIONS ‘-optVerbose ...’ (see tau_compiler.sh -help)

And use tau_f90.sh, tau_cxx.sh or tau_cc.sh as Fortran, C++ or C compilers:
% mpif90 foo.f90

changes to
% tau_f90.sh foo.f90

* Execute application and analyze performance data:

% pprof (for text based profile display)
% paraprof (for GUI)

Paratools
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TAU Measurement Configuration

% cd /soft/apps/tau/tau-2.18.2/bgp/lib; 1ls Makefile.*
Makefile.tau-pdt

Makefile.tau-mpi-pdt
Makefile.tau-opari-openmp-mpi-pdt
Makefile.tau-mpi-scalasca-epilog-pdt
Makefile.tau-mpi-vampirtrace-pdt
Makefile.tau-mpi-papi-pdt
Makefile.tau-papi-mpi-openmp-opari-pdt
Makefile.tau-pthread-pdt..

* For an MPI+F90 application, you may want to start with:

Makeﬂle tau-mpi-pdt
Supports MPI instrumentation & PDT for automatic source instrumentation

% setenv TAU MAKEFILE
/soft/apps/tau/tau-2.18.2/bgp/lib/Makefile.tau-mpi-pdt
% tau £90.sh matrix.f90 -o matrix

Paratools

34



Usage Scenarios: Routine Level Profile

Goal: What routines account for the most time? How much?

Flat profile with wallclock time:
Metric: P_VIRTUAL_TIME

Value: Exclusive
Units: seconds

9647.318 | | LEQ_IKSWEEPT

4357.213 [ LEQ_BICGSOT
2669.887 [ | LEQ_MATVECT
1777.752 [ SOLVE_SPECIES_EQ
1417.986 || SOLVE_LIN_EQ
1028.448 [l PHYSICAL_PROP
783.402 [ | RRATES
682.376 [] LEQ_MSOLVET
530.858 [] INIT_AB_M
463.788 [ | CALC_MASS_FLUX_SPHR
446.025 [] INIT_MU_S
421.747 || CALC_RESID_S
381.363 [| SOLVE_ENERGY_EQ

371.199 [] SOURCE_PHI
Parafools 258.829 [] DRAG_GS
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Solution: Generating a flat profile with MPI

% setenv TAU MAKEFILE /soft/apps/tau/tau-2.18.2/bgp
/lib/Makefile.tau-mpi-pdt

% set path=(/soft/apps/tau/tau-2.18.2/ppc64/bin $path)

OR

% source /soft/apps/tau/src/tau.cshrc [ or tau.bashrc]

% make F90=tau £90.sh

(Or edit Makefile and change F90=tau £90.sh)

% gsub run. job
% paraprof --pack app.ppk
Move the app.ppk file to your desktop.

% paraprof app.ppk

Paratools
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Usage Scenarios: Loop Level Instrumentation

Goal: What loops account for the most time? How much?

Flat profile with wallclock time with loop instrumentation:

Metric: GET_TIME_OF_DAY
Value: Exclusive
Units: microseconds

1729975.333 | Loop: MULTIPLY_MATRICES [{matmult.fa0} {31,9}-{36,14}]
443194 I MP!_Recv()
81095 [] MAIN
49569 [f MPI_Bcast()
45669 [] Loop: MAIN [{matmult f90} {86,9}{106,14}]
12412 | MPI_Send()
8959 | Loop: INITIALIZE [{matmult.f20} {17,9}-{21,14}]
8953 | Loop: INITIALIZE [{matmult.f20} {10,9}-{14,14}]
5609.2 | MPI_Finalize()
2932.667 | MULTIPLY_MATRICES
2577.667 | Loop: MAIN [{matmult.f90} {117,9}-{128,14}]
2091.8 | MPI_Barrier()
1875.667 | Loop: MAIN [{matmult.f90} {112,9}-{115,14}]
1833 | Loop: MAIN [{matmult f90} {71,9}-{74,14}]
107 | Loop: MAIN [{matmult.fa0} {77,9}-{84,14}]
30 | INITIALIZE
14.25 | MPI_Comm_rank{)
1 | MPI_Comm_size()

Par



Solution: Generating a loop level profile

setenv TAU MAKEFILE /soft/apps/tau/tau-2.18.2/bgp
/lib/Makefile. tau-mpi-pdt

setenv TAU OPTIONS ‘-optTauSelectFile=select.tau -optVerbose’

cat select. tau

BEGIN_ INSTRUMENT SECTION

loops routine=“#"

END INSTRUMENT SECTION

o°

o°

oP

% set path=(/soft/apps/tau/tau-2.18.2/ppc64/bin $path)
make F90=tau £f90.sh
Or edit Makefile and change F90=tau £90.sh)
gsub run.job
% paraprof --pack app.ppk
Move the app.ppk file to your desktop.

o° ~ o°

% paraprof app.ppk

Paratools
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Usage Scenarios: Compiler-based Instrumentation

o Goal: Easily generate routine level performance data using the compiler
instead of PDT for parsing the source code

®en6 X\ TAU: ParaProf: Mean Data - /home/sameer/workshop/NPB3.1/bin
File Options Windows Help

Metric: Time
Value: Exclusive percent

34.822% | rhs_
13.209% — e jacid_
11.823% e ] jacu
11.639% I— buts_
11598% [ ] bhs.
5.325% [ SSOr_
3.656% [______| MPLInitQ
2.626% [ MPI_Recv(
1.994% [ MPI_Send(
1.363% [l MPI_WaitQ
0.898% [] exchange_3_
0.411% [ exchange_1_
0.284% [ setiv_
0.156% | erhs_
0.095% | exact_
0.023% | MPI_FinalizeQ
0.022% | 12norm_
0.021% | error_
0.009% | MPI_Allreduce(
0.008% | setbv_
0.007% | MPI_lrecv(
0.003% | MPI_BcastQ
0.003% | print_results_
0.002% | init_comm_
0.002% | verify_
9.0E-4% | read_input_
7.6E-4% | pintgr_
4.8E-4% | MAIN__
4.8E-5% | MPI_Barrier{
4.8E-5% | timer_start_
3.4E-5% | exchange_4_
3.1E-5% | bcast_inputs_
2.0E-5% | MPI_Comm_rank{
1.7E-5% | nodedim_

[»

ParaTools
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Use Compiler-Based Instrumentation

% setenv TAU MAKEFILE /soft/apps/tau/tau-2.18.2/bgp
/1lib/Makefile. tau-mpi

% setenv TAU OPTIONS ‘-optCompInst —optVerbose’

% % set path=(/soft/apps/tau/tau-2.18.2/ppc64/bin $path)
% make F90=tau £90.sh

(Or edit Makefile and change F90=tau £90.sh)

% gsub run.job
% paraprof --pack app.ppk

Move the app.ppk file to your desktop.
% paraprof app.ppk

Paratools
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Usage Scenarios: Calculate mflops in Loops

. Goal: What MFlops am | getting in all loops?

. Flat profile with PAPl_FP_INS/OPS and time
(-multiplecounters) with loop instrumentation:

Metric: PAPI_FP_INS / GET_TIME_OF_DAY
Value: Exclusive
Units: Derived metric shown in microseconds format

770.699 | | Loop: MULTIPLY_MATRICES [{matmult f30} {31,9}-{36,14}]
223.39 L] Loop: INITIALIZE [{matmult f90} {10,9}-{14,14}]
223.24 Loop: INITIALIZE [{matmult 90} {17,9}-{21,14}]

171.855 Loop: MAIN [{matmult f90} {71,9}-{74,14}]
170.862 [l Loop: MAIN [{matmult.f90} {112,9}-{115,14}]
122.96 [ | Loop: MAIN [{matmult.f90} {117,9}-{128,14}]
37.549 [ | MULTIPLY_MATRICES
21.367 [ INITIALIZE
13.795 [] Loop: MAIN [{matmult.f90} {86,9}-{106,14}]
11 [] MPI_Comm_size()
8.935 | Loop: MAIN [{matmult f90} {77,9}-{84,14}]
1.131 | MPI_Send()
0.794 | MPI_Comm_rank{()
0.647 | MPI_Bcast()
0.355 | MPI_Recv()
0.171 | MPI_Barrier()
0.115 | MPI_Finalize()
0.023 | MAIN

Par
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Generate a PAPI profile with 2 or more counters

% setenv TAU MAKEFILE /soft/apps/tau/tau-2.18.2/bgp
/lib/Makefile. tau-papi-mpi-pdt

% setenv TAU OPTIONS ‘-optTauSelectFile=select.tau -optVerbose’
% cat select. tau

BEGIN_ INSTRUMENT SECTION

loops routine="“#"

END INSTRUMENT SECTION

% set path=(/soft/apps/tau/tau-2.18.2/ppc64/bin $path)
% make F90=tau_£90.sh

(Or edit Makefile and change F90=tau_ £90.sh)

% setenv COUNTER1 GET TIME OF DAY

% setenv COUNTER2 PAPI FP INS

OR

o°

setenv TAU METRICS TIME:PAPI FP INS

setenv TAU METRICS TIME:PAPI NATIVE <event name>:...

gsub run.job

paraprof --pack app.ppk Move the app.ppk file to your desktop.
paraprof app.ppk

Choose Options -> Show Derived Panel -> Arg 1 = PAPI FP INS,
Arg 2 = GET_TIME OF DAY, Operation = Divide -> Apply, choose.

o° o0 o0 o°

Paratools
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Derived Metrics in ParaProf

e06

[X| TAU: ParaProf Manager

File | Options | Help

¢ [ Default App
¢ [ Default Exp

@ PAPILFP_INS

[070| CiShow Derived Metric Panel |
3 tandard Applications L3 Narne

¢ [ papijexamples ftau2 fsameer/home;
@ GET_TIME_OF_DAY

TrialField Walue
napi/ ftau2 fsameer/ho...
Application ID 0
Experiment ID 0
Trial ID 0
CPU Cores 2
CPU MHz 2992.507
CPU Type Intel(R) Xeon(R) CPU 5160 @ 3.0...
CPU Vendor Genuinelntel
CWD fhome/sameer/tau2 jexamples/...
Cache Size 4096 KB
Executable Jfhome/sameerjtau2 fexamples/...

Hostname zorak.nic.uoregon.edu
Local Time 2007-05-10T11:21:30-07:00

Memory Size 14036076 kB

Node Name zorak.nic.uoregon.edu

05 Machine *x86_64

[0S Name Linux

05 Release 2.6.9-42.0.3 ELsmp-perfctr

05 Wersion #1 SMP Thu Oct 26 19:17:23 PD...
Starting Timestamp 1178821290281510

[TAU Architecture |x86_64

TAU Config ~MULTIPLECOUNTERS -tag=papi...
[Timestamp 1178821290313840

UTC Time 2007-05-10T18:21:302

nid 21479

usernarme sameer

Para¥ools
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[X| TAU: ParaProf Manager

File Options Help

0 Applications
¢ [CJStandard Applications
9 [ Default App
¢ [CJ Default Exp
9 [ papifexamples tau2 jsameer/home/
@ CET_TIME_OF_DAY
@ PAPIFP_INS

| MetricField Value
|Name PAPI_FP_INS
Application ID 0

Experiment ID 0

Trial ID 0

Metric ID 1

Argument 1:  0:0:0:1 - PAPI_FP_INS

N\

66 X] TAU: ParaProf M 2: [0:0:0:0 - GET_TIME_OF_DAY
File Options Help
@ Applications MetricField Value Add[v
¢ [CJStandard Applications Narne PAPI_FP_INS / GET _TIME_OF_DAY Add
icati [Subtract
¢ [ Default App Aupllc_a(lon ID 0 i
¢ [ Default Exp Experiment ID 0 BT
¢ [ papifexamples/tau2 fsameer fhome/ Trial ID 0 TR
pan P Metric ID 2

@ CET_TIME_OF_DAY
@ PAPI_FP_INS
@ PAPI_FP_INS / GEI'_TIME_O;_DAYl

Argument 1:  0:0:0:2 - PAPI_FP_INS f GET_TIME_OF

_DAY

Ar 2: [0:0:0:1 - PAPILFP_INS

Apply operation
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sage Scenarios: Generating Callpath Profile

Paratools

Goal: Who calls my MPI_Barrier()? Where?
Callpath profile for a given callpath depth:

X n,ct, 0,0,0 - callpath-all/scaling/flash/taudata/disk2 /mnt/

File Options Windows Help

Metric Name: Time
alue Type: exclusive

26.474% [ ] MODULEHYDROSWEEP:HYDRO_SWEEP
26.474% [ JFLASH => EVOLVE =3> HYDRO:HYDRO_3D
24.556% I 0D ULEHYDRO_1D:HYDRO_1D
24.556% I F ASH = > EVOLVE =:> HYDRO:HYDRO_3D
14351% [ ] MODULEINTRFC:INTRFC
14.351% [ FLASH = > EVOLVE = > HYDRO:HYDRO_3D
4.501% [ MODULEEOS3D:EOS3D
4.427% I MPI_Ssendo
3.678% [__FLASH => EVOLVE => HYDRO:HYDRO_3D
3.536% [ MPI_Allreduce
2.727% I MPI_Waitall§
2.242% [_] MODULEUPDATE_SOLN:UPDATE_SOLN
2.242% M FLASH => EVOLVE =: HYDRO:HYDRO_3D
2.059% (] AMR_GUARDCELL_CC_SRL
1.703% [ FLASH => EVOLVE =3 HYDRO:HYDRO_3D
1.56% M FLASH => EVOLVE =3> HYDRO:HYDRO_3D

=> MODULEHYDROSWEEP:HYDRO_SWEEP E

=> MODULEHYDROSWEEP:HYDRO_SWEEP => MODULEHYDRO_1D::HYDRO_1D

=> MODULEHYDROSWEEP:HYDRO_SWEEP => MODULEHYDRO_1D:HYDRO_1D =: MODULEINTRFC:INT

=> MODULEHYDROSWEEP::HYDRO_SWEEP = MODULEEOS3D::EOS3D

=> MODULEHYDROSWEEP::HYDRO_SWEEP = > MODULEUPDATE_SOLN:UPDATE_SOLN

=> MODULEHYDROSWEEP:HYDRO_SWEEP
=> MODULEHYDROSWEEP:HYDRO_SWEEP

=> MESH_GUARDCELL =:> AMR_GUARDCELL_SRL
=> MESH_GUARDCELL =:> AMR_GUARDCELL_SRL

=> AMR_
=> AMR_

1.406% [ FLASH => EVOLVE => MESH_UPDATE_GRID_REFINEMENT = MESH_REFINE_DEREFINE =3 AMR_REFINE_DEREFINE =3 AMR_MORTON_ORDER =3,

1.361% [ FLASH => TIMESTEP =3 MPI_Allreduce
1.319% [l AMR_RESTRICT_UNK_FUN
1.272% [J AMR_PROLONG_GEN_UNK_FUN
1.093% [JFLASH => EVOLVE =3> HYDRO:HYDRO_3D
1.077% [J ABUNDANCE_RESTRICT
1.077% [ FLASH => EVOLVE =3 HYDRO:HYDRO_3D
1.064% [l DBASETREE:DBASENEIGHBORBLOCKLIST
1% [ FLASH => EVOLVE =3> HYDRO:HYDRO_3D

0.987% [ FLASH =3> EVOLVE => HYDRO:HYDRO_3D

0.96% [JFLASH => EVOLVE =3 HYDRO:HYDRO_3D
0.916% I MPI_Barrierg
0.807% M FLASH => EVOLVE => HYDRO:HYDRO_3D
0.806% [J AMR_PROLONG_UNK_FUN
0.735% | AMR_DIAGONAL_PATCH
0.699% [] DIFFUSE
0.699% D FLASH => EVOLVE
0.671% [ AMR_RESTRICT_RED

=> HYDRO::HYDRO_3D

=> MODULEHYDROSWEEP::HYDRO_SWEEP = MESH_GUARDCELL =:> AMR_GUARDCELL_.C_TO_F =:> A|

=> MODULEHYDROSWEEP::HYDRO_SWEEP = ABUNDANCE_RESTRICT
= > MODULEHYDROSWEEP::HYDRO_SWEEP
= > MODULEHYDROSWEEP::HYDRO_SWEEP
= > MODULEHYDROSWEEP::HYDRO_SWEEP

=> MESH_GUARDCELL =:> AMR_RESTRICT =: AMR_RESTRI!
=> MESH_FLUX_CONSERVE => AMR_FLUX_CONSERVE_UDT

=> MESH_GUARDCELL => AMR_GUARDCELL_.C_TO_F => A
=> MODULEHYDROSWEEP:HYDRO_SWEEP

=> MESH_GUARDCELL =:>TOT_BND =:> DBASETREE:DBAS

=> MODULEHYDROSWEEP::HYDRO_SWEEP = DIFFUSE

0.671% D FLASH => EVOLVE =3 HYDRO:HYDRO_3D =3 MODULEHYDROSWEEP:HYDRO_SWEEP => MESH_FLUX_CONSERVE =3 AMR_FLUX_CONSERVE_UDT
0.657% [J FLASH => EVOLVE => HYDRO:HYDRO_3D =3 MODULEHYDROSWEEP:HYDRO_SWEEP = MESH_GUARDCELL => AMR_GUARDCELL SRL =3 AMR_
0.638% [J FLASH => EVOLVE => MESH_UPDATE_GRID_REFINEMENT =3 MARK_GRID_REFINEMENT =3 MPI_Barriery

0.61% [l FLASH =3> EVOLVE =3 HYDRO:HYDRO_3D =3 MODULEHYDROSWEEP:HYDRO_SWEEP => MESH_GUARDCELL =3 AMR_GUARDCELL_C_.TO_F => A
0.556% I FLASH => EVOLVE =3> HYDRO:HYDRO_3D => MODULEHYDROSWEEP:HYDRO_SWEEP =3 MESH_GUARDCELL =3> AMR_GUARDCELL.C_TO_F =3> A

0.508% | TOT_BND
0.454% [l FLASH => EVOLVE

=> MESH_UPDATE_GRID_|

REFINEMENT = MARK_GRID_REFINEMENT = > MODULEEOS3D::EOS3D

[«

4 Il

| »
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Callpath Profile

* Generates program callgraph

000 Call Graph for n,c,t, 0,0,0 - tmp/private/
File Options Windows Help
[ [ [ [T T CEENNNNNEEEEIn

main() (calls f1, f5)

f4() (sleeps 4 sec, calls f2)|

f2() (sleeps 2 sec, calls B)I

f3() (sleeps 3 sec)

Para¥ools i
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Generate a Callpath Profile

% setenv TAU MAKEFILE /soft/apps/tau/tau-2.18.2/bgp
/lib/Makefile. tau-callpath-mpi-pdt

% set path=(/soft/apps/tau/tau-2.18.2/ppc64/bin $path)
% make F90=tau £f90.sh

(Or edit Makefile and change F90=tau_f£90.sh)

% setenv TAU CALLPATH DEPTH 100

% gsub run. job
% paraprof --pack app.ppk
Move the app.ppk file to your desktop.
% paraprof app.ppk
(Windows -> Thread -> Call Graph)

NOTE: In TAU v2.18.1+, you may choose to just set:
% setenv TAU CALLPATH 1
instead of recompiling your code with the above stub makefile.

Any TAU instrumented executable can generate callpath profiles.

Paratools
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Usage Scenario: Detect Memory Leaks

-

File Options Windows Help

Name: MEMORY LEAK! malloc size <file=matrix.f90, variable=C, line=11> : MAIN [{matrix.f90}{141,7}-{146,22}] => MATRICES:: ALLOCATE_MATRICES

[{matrix.f90} {10,7}-{13,28}]

Yalue Type: Max Yalue

8000000 | M ean

8000000 | 1, C,t 0,0,0

8000000 | 1, c,t 1,0,0

8000000 | 1, ¢t 2,0,0

80010000 | ——, 0, 3,0,0
0 | Std. Dev.

ParaTools

v TAU: ParaProf: Mean Context Events - mem.ppk - 8%
File Windows Help
Name A [Nurmsamples | Maxvalue | Minvalue | Meanvalue | Std. Dev. |
2 MAIN [{matrix.f90} {141,7}-{146,22}]
¢ MATRICES:ALLOCATE_MATRICES [{matrix.f90} {10,7}-{13,38}]
MEMORY LEAK! malloc size =file=matrix.f90, variable=C, line=11> 1 8,000,000 8,000,000 8,000,000 0
malloc size =file=matrix.f90, variable=A, line=11> 1 8,000,000 8,000,000 8,000,000 0
malloc size <file=matrix.f90, variable=B, line=11:> 1 8,000,000 8,000,000 8,000,000 0
malloc size =file=matrix.f90, variable=C, line=11:> 1 8,000,000 8,000,000 8,000,000 0
¢ MATRICES:DEALLOCATE_MATRICES [{matrix.f90} {14,7}-{17,40}]
free size =file=matrix.f90, variable=A, line=15:> 1 8,000,000 8,000,000 8,000,000 0
free size =file=matrix.f90, variable=B, line=15= 1 8,000,000 8,000,000 8,000,000 0
\ 7z
(v User Event Window: mem.ppk == ](x])




Detect Memory Leaks

% setenv TAU MAKEFILE /soft/apps/tau/tau-2.18.2/bgp
/lib/Makefile.tau-mpi-pdt

% setenv TAU OPTIONS ‘-optDetectMemoryLeaks -optVerbose’
% set path=(/soft/apps/tau/tau-2.18.2/ppc64/bin $path)

% make F90=tau_ £90.sh

(Or edit Makefile and change F90=tau £f90.sh)

% setenv TAU CALLPATH DEPTH 100

% gsub run.job
% paraprof --pack app.ppk

Move the app.ppk file to your desktop.
% paraprof app.ppk

(Windows -> Thread -> Context Event Window -> Select thread -> select...
expand tree)

(Windows -> Thread -> User Event Bar Chart -> right click LEAK
-> Show User Event Bar Chart)

Paratools
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Usage Scenarios: Instrument a Python program

. Goal: Generate a flat profile for a Python program

000 TAU: ParaProf: n,c,t 0,0,0 - flat.ppk

Metric: Time
Value: Exclusive
Units: seconds

5.473 ] dot
2.548 standard_normal
0.152 @ MachAr::_init__[{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/lib/machar.py} {50}]
0.112 [ _parse [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {385}]
0.105 [] _compile [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_compile.py} {38}]
0.056 | any [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/fromnumeric.py} {540}]
0.048 | append

0.046 | len
0.046 | Tokenizer::__next [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {188}]
0.045

any
0.035 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/linalg/linalg.py} {7}
0.033 | SubPattern::getwidth [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {146}
0.033 | _optimize_charset [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_compile.py} {213}]
0.028 | Tokenizer::get [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {207}
0.023 | _parse_sub [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {307}]
0.022 | add_newdoc [{/usr/local /PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/lib/function_base.py} {1154}]
0.019 | abs
0.019 | _compile_charset [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_compile.py} {184}]
0.016 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/__init__.py}{2}]
0.015 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/numeric.py} {1}]
0.014 | SubPattern::__len__[{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {132}]
0.011 | _mk_bitmap [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_compile.py} {264}]
0.011 | Tokenizer::match [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {201}]
0.01 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/defmatrix.py} {1}]
0.009 | SubPattern::__getitem__[{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {136}]
0.009 | _simple [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_compile.py} {360}]
0.008 | SubPattern::append [{/usr/local /PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {144}]
0.007 | min
0.007 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/ctypes/__init__.py} {4}]
0.007 | extend_all [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core /numeric.py} {83}]
0.006 | ord
0.005 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/__init__.py} {17}]
0.005 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/ma.py} {9}
0.005 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/numerictypes.py} {76}
0.005 | SubPattern::__getslice__[{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {140}]
0.004 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/lib/index_tricks.py} {3}]
0.004 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/lib/__init__.py}{1}]
0.004 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/random/__init__.py} {2}]
0.004 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/opcode.py} {5}]
0.004 | _extendLine [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/arrayprint.py} {270}]
0.004 | _formatArray [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/arrayprint.py} {278}]

v
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Usage Scenarios: Instrument a Python program

% cat foo.py
#!/usr/bin/env python

Original ~ irport numpy

ra=numpy.random
COde,' la=numpy.linalg

size=2000
a=ra.standard_normal((size,size))
b=ra.standard_normal((size,size))
c=la.linalg.dot(a,b)

print c

Create a wrapper:

% cat wrapper.py
#!/usr/bin/env python

# setenv PYTHONPATH $PET_HOME/pkgs/tau-2.17.3/ppc64/1ib/bindings-gnu-python-pdt
import tau

def OurMain():
import foo

tau.run('OurMain() ")

ParaTools
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Generate a Python Profile

% setenv TAU MAKEFILE /usr/global/tools/tau/ibmé4
/lib/Makefile. tau-python-pdt

set path=(/usr/global/tools/tau/ibm64/bin $path)
% cat wrapper.py

import tau

def OurMain() :

import foo

tau.run(‘'OurMain() ')
Uninstrumented:
% ./foo.py
Instrumented:
% setenv PYTHONPATH <taudir>/ibmé64/<1lib>/bindings-python-pdt
(same options string as TAU MAKEFILE)
% setenv LD LIBRARY PATH <taudir>/x86 64/lib/bindings-python-pdt\:
$LD LIBRARY PATH

% ./wrapper.py

o°

% pprof/paraprof

Wrapper invokes foo and generates performance data 7

Paratools

51



Usage Scenarios: Mixed Python+F90+C+pyMPI

. Goal: Generate multi-level instrumentation for Python+MPI+C+F90+C++ ...

000 TAU: ParaProf: Mean Data - py.ppk
Metric: Time
Value: Exclusive percent

39.466% ] void SAMINT ::timestep(double, double) [{SAMINT.C} {72,1}-{78,1}]
6.563% [__] int pyMPI_Main_with_communicator(int, int *, char ***, MPI_Comm) C [{pyMPI_main.c} {23,1}-{80,1}]
5.18% [ <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/linalg/linalg.py} {7}
4.91% [ void pyMPI_distutils_init(PyObject **) C [{pyMPI_distutils.c} {275,1}-{400,1}]
3.845% [_] <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/numeric.py} {1}]
3.633% [ void pyMPI_site(void) C [{pyMPI_site.c} {23,1}-{121,1}]
3.607% [] <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/_init__.py}{2}]
3.1% [ MachAr:_init__[{/usr/local /PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/lib/machar.py} {50}]
2.261% [] _parse [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {385}]
2.123% [@ _compile [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_compile.py} {38}]

1.187% [ any [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/fromnumeric.py} {540}]
1.034% [] <module> [{/users3/sameer/py/py-c++-f90/example/samarcrun.py} {5}]

0.982% [I <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/__init__.py}{17}]
0.941% [] Tokenizer::__next [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {188}]

0.929% [l append

0.906% i <module> [{/usr/local /PET/pkgs/python-2.5.1/lib/python2.5/ctypes/__init__.py} {4}]

0.895% [] any

0.888% i <module> [{/usr/local /PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/lib/__init__.py} {1}]
0.884% [] len

0.863% [] <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/lib/index_tricks.py} {3}]
0.806% [l void pyMPI_pickle_init(PyObject **) C [{pyMPI_pickle.c} {43,1}-{61,1}]
0.739% [| <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/random/__init__.py} {2}]
0.67% [| SubPattern::getwidth [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {146}]
0.658% [ <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/testing/numpytest.py} {1}]
0.643% [ _optimize_charset [{/usr/local /PET/pkgs/python-2.5.1/lib/python2.5/sre_compile.py} {213}]
0.584% || Tokenizer::get [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {207}
0.552% | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/inspect.py} {24}]
0.541% | <module> [{/users3/sameer/py/py-c++-f90/samint.py} {7}]
0.537% [| <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/memmap.py} {1}]
0.537% | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/testing/__init__.py} {2}]
0.532% | <module> [{/users3/sameer/py/py-c++-f90/samarc.py} {9}]
0.475% 1 <module> [{/usr/local /PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/ctypeslib.py} {1}]
0.462% | add_newdoc [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/lib/function_base.py} {1154}]
0.453% | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/lib/function_base.py} {1}]
0.451% | _parse_sub [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {307}]
0.378% | _compile_charset [{/usr/local /PET/pkgs/python-2.5.1/lib/python2.5/sre_compile.py} {184}]
0.367% | abs
0.365% | samarc:runStep [{/users3/sameer/py/py-c++-f90/samarc.py} {105}]
0.365% | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/fft/fftpack.py} {21}]
0.296% | SubPattern::__len__[{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {132}]
0.287% | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/arrayprint.py} {4}]
0.27% | MPI_Finalize()
0.225% | Tokenizer:match [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {201}
0.213% | _mk_bitmap [{/usr/local /PET/pkgs/python-2.5.1/lib/python2.5/sre_compile.py} {264}]
0.199% | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/defmatrix.py} {1}] A
0.18% | MPI_Init() 4
0.178% | SubPattern::__getitem__[{/usr/local /PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {136}] v
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Generate a Multi-Language Profile w/ Python

$ setenv TAU MAKEFILE /usr/global/tools/tau/ibmé4
/lib/Makefile. tau-python-mpi-pdt

% set path=(/usr/global/tools/tau/ibm64/bin $path)
% setenv TAU OPTIONS ‘-optShared -optVerbose..’
(Python needs shared object based TAU library)
$ make F90=tau £f90.sh CXX=tau cxx.sh CC=tau cc.sh (build libs, pyMPI w/TAU)
% cat wrapper.py

import tau

def OurMain() :

import App

tau.run(‘OurMain()’)
Uninstrumented:
% mpirun.lsf /usr/global/tools/.unsupported/pyMPI-2.5b0/bin/pyMPI ./App.py
Instrumented:
% setenv PYTHONPATH <taudir>/x86 64/<lib>/bindings-python-mpi-pdt
(same options string as TAU MAKEFILE)
% setenv LD LIBRARY PATH <taudir>/x86 64/lib/bindings-python-mpi-pdt\:
$LD LIBRARY PATH
% mpirun -np 4 /usr/global/tools/.unsupported/pyMPI-2.5b0-TAU/bin/pyMPI
. /wrapper.py (Instrumented pyMPI with wrapper.py)

33



Usage Scenarios: Generating a Trace File

Goal: Identify the temporal aspect of performance. What happens in my code at a given
time? When?

Event trace visualized in Vampir/Jumpshot

000 X| Vampir NG - Timeline

node O, thread O m TAU_USER
node 1, thread 0 MPI_ m MPI
node 2, thread O YINVT 58 110
node 3, thread O YINVT MPI_Alltoall() 110
node 4, thread 0 YINVT MPI_Alltoall()

node 5, thread O YINVT MPI_Alltoall()

node 6, thread O YINVT MPI_Alltoall ()

node 7, thread O YINVT 58

node 8, thread O YINVT MPI_Alltoall()

node 9, thread 0 YINVT MPI_Alltoall ()

node 10, thread 0 YINVT 58 58

node 11, thread O YINVT MPI_Alltoall()

node 12, thread O YINVT MPI_Alltoall ()

node 13, thread O YINVT 58 58

node 14, thread O YINVT MPI_Alltoall()

node 15, thread O
node 16, thread O ; " = ifi i 58 3 1
node 17, thread 0 ; VampleNG=Identifisd Activity WPI_Alltoall()

node 18, thread 0 : node 0, thread O 58 1
node 19, thread O i : MPI_Alltoall()  (58) MPI_Alltoall()

node 20, thread O i : MPI (5) 58 53

node 21, thread O . 6.152 s — 6.994 s MPI_Alltoall()

node 22, thread 0 : 0.842 58

node 23, thread O o P MPI_Alltoall ()

node 24, thread O Wozegh @ERlvlng 5 Gt 3 = Eotdl & MPI_Alltoall ()

node 25, thread O MPI_Alltoall()

node 26, thread O Previous Activity: 6.151 - 6.151 s 58 58

node 27, thread O MPI_Alltoall()

node 28, thread O MPI_Alltoall()

node 29, thread O 58 58

node 30, thread O MPI_Alltcall ()

node 31, thread O i MPI_Alltoall()

node 32, thread 0O i 58 58

node 33, thread O
node 34, thread O
node 35, thread o
node 36, thread O YINVT MPI_Alltoall() 110
node 37, thread O
node 38, thread O
node 39, thread O
node 40, thread O YINVT MPI_Alltoall() 110
node 41, thread O YINVT MPI_Alltoall() 110
node 42, thread O YINVT 58 58 110
node 43, thread O
node 44, thread O
node 45, thread O
node 46, thread O YINVT MPI_Alltoall()

node 47, thread O
node 48, thread O YINVT 58 58 110
node 49, thread O
node 50, thread O
node 51, thread O YINVT 58 110
node 52, thread O YINVT 58 110
node 53, thread O
node 54, thread O
node 55, thread 0
node 56, thread 0O YINVT MPI_Alltoall ()

node 57, thread O MPI_Alltoall()
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54



VNG Process Timeline with PAPI Counters
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Vampir Counter Timeline Showing I/O BW
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dth: Vampir
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Vampir Process Timeline for Rank O (IOR, LLNL)
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Generate a Trace File

% setenv TAU MAKEFILE /soft/apps/tau/tau-2.18.2/bgp
/lib/Makefile. tau-mpi-pdt-trace

or setenv TAU TRACE 1 (in TAU v2.18.2+)

% set path=(/soft/apps/tau/tau-2.18.2/ppc64/bin $path)

% make F90=tau £90.sh

(Or edit Makefile and change F90=tau f90.sh)

% gsub run.job

% tau_treemerge.pl

(merges binary traces to create tau.trc and tau.edf files)

JUMPSHOT :

% tau2slog2 tau.trc tau.edf -o app.slog2

% jumpshot app.slog2

OR

VAMPIR:

% tau2otf tau.trc tau.edf app.otf -n 4 -z

(4 streams, compressed output trace)

% vampir app.otf

(or vng client with wvngd server). e
Pall. Lo A AV AVE Y/
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Usage Scenarios: Evaluate Scalability

. Goal: How does my application scale? What bottlenecks occur at what core counts?

. Load profiles in PerfDMF database and examine with PerfExplorer

000 X! TAU/PerfExplorer: Relative Speedup 066 X TAUPerfExplorer: Total Runtime Breakdown

FEile Help
File Help

Total Runtime Breakdown for S3D (Jaguar, ORNL):Harness Scaling Study:
GET_TIME_OF_DAY

Relative Speedup - S3D (Jaguar, ORNL):Harness Scaling Study: o
GET_TIME_OF_DAY

12,000 -
£ 7
11,000 2
’ :‘ 60
S
10,000 =50
o
9,000 2 40
b
8,000 3
g
k)
o 7,000 &
=
S 6,000
5,000 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,00
4,000 Number of Processors
’ B DERIVATIVE_X_COMM [(derivative_x.pp.f90} (53,14} M Loop: CHEMKIN_M::REACTION_RATE_BOUNDS [(chemkin_m.pp.f90} (374,3)~(386,7]]
3,000 W Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f90} {432,10}-(441,15}] Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f90} {566,19}-{589,24}]
’ Loop: DERIVATIVE_Y_CALC [{derivative_y.pp.f90} {431,10}-{440,15}] M Loop: DERIVATIVE_Z_CALC [{derivative_z.pp.f90} {435,10}-{444,15]]
2.000 Loop: INTEGRATE [{integrate_erk.pp.f90} {73,3}-{93,13]] Loop: RHSF [{rhsf.pp.f90}{209,3}-{211,7}] ™ Loop: RHSF [{rhsf.pp.f90} {515,3)-{535,16}]
o M Loop: RHSF [{rhsf.pp.f90} (537,3)-(543,16)] M Loop: RHSF [(rhsf.pp.f90} (545,3]-(551, 16]]
1.000 M Loop: THERMCHEM_M::CALC_INV_AVG_MOL_WT [thermchem_m.pp.f90) (127,5)-(129,9]]
0 Loop: THERMCHEM_M::CALC_SPECENTH_ALLPTS [(thermchem_m.pp.f90} (506,3)-(512,8)]
0 M Loop: THERMCHEM_M::CALC_TEMP [(thermchem_m.pp.f90} {175,5}-{216,9}]
W Loop: TRANSPORT_M::COMPUTECOEFFICIENTS [{mixavg_transport_m.pp.f90} {492,5}-{520,9]]
0 1'000 2’000 3’000 4‘000 5‘000 6'000 7’000 8’000 9‘000 10‘000 11‘000 12'000 M Loop: TRANSPORT_M::COMPUTEHEATFLUX [{mixavg_transport_m.pp.f90} (782,5}-{790,19]]
Number of Processors M Loop: TRANSPORT_M::COMPUTESPECIESDIFFFLUX [{mixavg_transport_m.pp.f90} {630,5}-(656,19}]
M Loop: VARIABLES_M::GET_MASS_FRAC [(variables_m.pp.f90} {96,3)-(99,7)] ™ MPI_Comm_compare0 ~ MPI_Wait0
| ® Harness Scaling Study e ideal | W READWRITE_SAVEFILE_DATA [(i0.pp.f90} (544,14)] * RHSF [(rhsf.pp.f90) (1,12]] ~ WRITE_SAVEFILE [{io.pp.f90} {240, 14]] M other P
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Evaluate Scalability using PerfExplorer Charts

% setenv TAU MAKEFILE /soft/apps/tau/tau-2.18.2/bgp
/lib/Makefile. tau-mpi-pdt

% set path=(/soft/apps/tau/tau-2.18.2/ppc64/bin $path)
% make F90=tau_ f£90.sh

(Or edit Makefile and change F90=tau_ £90.sh)

% gsub runlp.job

% paraprof --pack 1lp.ppk

% gsub run2p.job ..

% paraprof --pack 2p.ppk .. and so on.

On your client:

% perfdmf configure --create-default

(Chooses derby, blank user/passwd, yes to save passwd, defaults)
% perfexplorer configure

(Yes to load schema, defaults)

% paraprof

(load each trial: DB -> Add Trial -> Type (Paraprof Packed Profile) -> OK) OR use
perfdmf loadtrial

Then,
% perfexplorer

(Select experiment, Menu: Charts -> Speedup)

ParaTools
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Communication Matrix Display

. Goal: What is the volume of inter-process communication? Along which calling path?

'8 O 6 X! Message Size Heat Maps
i Win /s Help

TOTAL VOLUME BYTES

All Paths
0 RECEIVER 16383

DISPLAY OPTIONS

All Paths v

SENDER

TOTAL VOLUME BYTES v

Paratools_ ! :
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Evaluate Scalability using PerfExplorer Charts

% setenv TAU MAKEFILE /soft/apps/tau/tau-2.18.2/bgp
/lib/Makefile. tau-mpi-pdt

% set path=(/soft/apps/tau/tau-2.18.2/ppc64/bin $path)
% make F90=tau_ f£90.sh

(Or edit Makefile and change F90=tau_ £90.sh)

% setenv TAU COMM MATRIX 1

% gsub run.job (setting the environment variables)

% paraprof

(Windows -> Communication Matrix)

ParaTools
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Labs

* Add one of
source /soft/apps/tau/src/tau.bashrc
or
source /soft/apps/tau/src/tau.cshrc
to the end of your .login file (for bash or csh/tcsh users respectively)
These files contain ANL specific location information.
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